Effective interpretation of the relationship between the structure and the biological activity of proteins depends in part on the availability of adequate information about pertinent linked functions.1 The role of linked functions is especially evident in the chemistry of oxidative enzymes and related conjugated proteins, and among these the heme proteins have long been a subject of intensive study. There exists for the heme proteins a considerable body of experimental data, yet it has proved difficult to arrive at unequivocal conclusions about the detailed meaning of much of the data available. This difficulty reflects in part the deficiencies in our knowledge of protein structure, but reflects also the inadequacy of our knowledge about the linked functions operative in relevant systems of lower molecular weight.
Cytochrome c is likely to be among those proteins for which more comprehensive structural information will first become available. Further, the presence in cytochrome c of thioether bridges between the prosthetic group and protein components permits the preparation of peptides in which the heme remains tightly bound. The study of such heme peptides may be expected to provide basic information of interest both in relation to cytochrome c and in relation to other proteins. The present communication deals with the oxidation-linked proton functions of an undecapeptide prepared by pepsin-catalyzed hydrolysis of beef-heart cytochrome c.
Experimental.-Materials: Beef-heart cytochrome c was obtained from the Sigma Chemical Company, and was purified before use by ion-exchange chromatography, essentially as described by Pal6us and Neilands.2 The heme peptide (HPp)I which results from pepsin-catalyzed hydrolysis of beefheart cytochrome c was prepared4 by the procedure of Tuppy and Pal6us,6 modified in minor details. The product was stored in the dry form, obtained by lyophilization of a solution containing 10 Quantitative amino acid analysis6 of the preparation used in the present study yielded the results given in Table 1 .
The data for lysine, histidine, threonine, glutamic acid, alanine, and valine agree with theory and with the results of Tuppy and Paleus;5 quantitative results for other amino acids were not reported by these authors. The iron porphyrin was removed from the peptide with the use of performic acid, and the resulting material was then analyzed by the technique of Moore, Spackman, and Stein.7 8 Iron analysis9 yielded a value of 2.95 per cent. Calculated values range from 2.91 per cent to 2.97 per cent, depending on the formula assumed for the lyophilized compound. Preliminary observations are reported for samples of HPp modified by acetylation or by treatment with trypsin. Acetylation was carried out by the addition of 0.1 ml of acetic anhydride to a solution containing 6.5 ml of glacial acetic acid and 6.5 ml of a 1 X 10-4 M solution of HP,. The reaction mixture was maintained at pH 6.6, in an ice bath, and the addition of acetic anhydride was carried out slowly, with stirring, over a period of 30 minutes. At the end of a total of 45 minutes the reaction mixture was subjected to dialysis against water. Preparation of trypsintreated HPp was performed essentially as described by Tuppy and Pal6us.5 The product expected5' 10 11 is an octapeptide, obtained by the removal from HP, of the N-terminal sequence Val-Glu(NH2)-Lys. Trypsin, pepsin, and catalase were crystalline products of the Worthington Biochemical Corporation. Methyl viologen was obtained from The British Drug Houses, Ltd. All were used without further purification.
The following buffers were employed: acetate, imidazole, phosphate, and borate. Ionic strengths varied from 0.04 to 0.20. All salts were potassium salts.
Methods: The apparatus and procedures used in oxidation-reduction potentiometry were essentially those described in detail in an earlier publication.'2 Spectrophotometry under anaerobic conditions was performed with cuvette assemblies similar to those used in oxidation-reduction work; the insertion of a glass electrode permitted spectrophotometric and pH measurements to be made concurrently under anaerobic conditions. Spectra were recorded with Cary model 11, Spectracord model 3000 and Zeiss model PMQ II spectrophotometers.
Results. ably lower concentrations, and the titration data and spectrophotometric data reported by Pal6us, Ehrenberg, and Tuppy14 both bear evidence of interfering effects. One of the first needs in the present work was the determination of conditions under which a stable, monomeric system could be attained, and the spectrophotometric studies reported here were directed primarily to that end.
Curve A of Figure 1 shows the Soret band of an approximately 10-5 l solution of ferri HPp in 0.05 Il KH2PO4 -K2HPO4 buffer, pH 6.9. Upon 20-fold dilution of this solution, spectrum B was observed. Curves C through E show the subsequent change with time of this spectrum as the solution remained undisturbed in a stoppered cuvette. Greater dilution ratios led to increasingly rapid change in spectrum. In all instances, however, the final position of the absorption maximum was at 398 m/A. An approximately 7 X 10-6 M solution brought to a temperature of 500 displayed changes in spectrum qualitatively similar to those shown in Figure   1 : the wavelength of maximum absorption diminished with time to 398 mil. Alteration of the pH of a 7 X 10-6 M solution from pH 7 to pH 3 also caused a variation of spectrum with time. In this case, the final absorption maximum was at 395 miA. Figure 1 and the companion studies which have been described all were performed with solutions previously subjected to removal of ammonia present in the lyophilized preparation. This was done either by dialysis or by extensive de-aeration with helium. The Soret spectra recorded near pH 7 for ammonia-free, 10-5 M solutions of ferri HP, proved difficult to reproduce quantitatively. Extensive de-aeration of solutions freshly prepared with lyophilized HP, led to variable shifts of the Soret maximum to longer wavelengths. These shifts are believed to reflect an increase in the degree of polymerization of the system, following the removal of ammonia from coordination position 6 about the heme iron. Addition of excess ammonium hydroxide to such de-aerated solutions led to the re-establishment of a reproducible maximum at 406 mu. Addition of imidazole had the same effect. It is assumed that the nitrogenous base reacts with ferri HP, polymer to form the monomer with the added base in coordination position number 6. Ehrenberg and Theorell" previously have shown that the addition of histidine to a concentrated solution of ferri HP, at pH 8.7 effects a decrease in sedimentation rate. Solutions of ferri IHP, never displayed alteration in the position of the Soret maximum upon treatment with helium.
In the course of experiments in which solutions of ferri HP, were subjected to deaeration with helium or nitrogen, a diminution in absorption spectrum, reflecting metalloporphyrin destruction, was observed. The effect was not attributable to any mechanical action of the gas, for the passage of oxygen through solutions not previously exposed to helium or nitrogen was without effect. Further, decomposition could be observed also when helium or nitrogen simply was passed over the surface of a solution of ferri HP,, and drawn into the solution with the aid of a vortex created by the action of a magnetically driven stirring bar. Solutions of ferri HP, stored without the passage of gas showed no spectrophotometric evidence of decomposition.
The degree of destruction could be varied greatly. Ferri HP., in a 5 X 10-7 M solution at pH 7, kept in an open container, was destroyed virtually completely when helium was passed gently through the solution for 24 hours. Rapid passage of helium through a second sample of solution carefully protected from the atmosphere led to an initial destruction of some 5 per cent, but essentially no further decomposition could be detected upon the continued passage of helium for another 18 hours. Exposure of such a de-aerated solution to oxygen led to renewed diminution in the absorbancy values recorded, the extent of change reflecting the rate at which oxygen was administered. Once full oxygenation was attained, further passage of oxygen was without effect. Decomposition thus clearly was favored by conditions intermediate between those obtaining in fully oxygenated and fully deoxygenated solutions.
The addition of excess imidazole to solutions of ferri HPP, at values of pH greater than 6, prevented the effects just described. Coordination of a hydroxyl group was found to give a similar result: at strongly alkaline pH, solutions of ferri HPp proved insensitive to changes in degree of oxygenation even in the absence of added imidazole.
In preliminary studies of the variation of the spectrum of ferri HPp with pH, significant destruction was encountered as the pH was varied through certain ranges. The range from pH 9 to pH 5 appeared particularly sensitive. Solutions used in these studies were at no time exposed to helium or nitrogen, and ranged in concentration from 1 X 10-7 M to 1 X 10-6 M. The effect has not been examined in detail, and its meaning is at the moment unclear.
Solutions of IHPp displayed a different behavior. Under aerobic conditions, no loss of metalloporphyrin was observed within the range of pH 5 to 13. When solutions of ferri IHP, were studied under strictly anaerobic conditions, there was no evidence of instability over the entire range of pH investigated, from pH 1 to pH 13, and all changes in spectrum observed under these conditions were fully reversi- (Fig. 3) , and of preparations of ferri HP, modified by acetylation or by treatment with trypsin, also remains invariant in this range. However, the maximum displayed by these solutions is not at 406 mg but at 398 mg. Figure 2 , and the degree of overlap between several of the equilibria indicates the need for especial care. Estimated values are: 394 mi = 396 mu, pK'-3; 396 m1A =" 406 m~,u pK' If' 4.5; 406 mA = 410 mIA, pK' --' 11. A change in molar absorbancy index at 394 m/A occurs at the acid end of the pH range investigated, but measurements have not been extended to sufficiently low values of pH to permit estimation of the midpoint of the change. There is, further, a small change in molar absorbancy index at 406 mMi in the range of pH 6 to 7. It is perhaps of interest to note that the pK' value estimated for the shift in maximum between 396 m~u and 406 mMu is smaller than that estimated for the shift between 396 mju and 398 mM observed with solu-tions free of added imidazole (e.g., see curves C, D, and E, Fig. 3 ). This accords with the general experience that the formation of di-nitrogenous base-iron porphyrins is favored over the formation of mono-nitrogenous base-iron porphyrins.
Studies of reduced heme peptide involve a difficulty not encountered with oxidized solutions. The application of reducing agent to any of the oxidized systems thus far examined invariably entailed destruction of metalloporphyrin, presumably as a consequence of peroxide formation. As Tsou first showed,15 peroxide rapidly destroys HP,. The effect could be minimized by the careful preliminary de-aeration of solutions with helium, but oxygen adsorbed to glassware cannot effectively be removed in this manner,12 and peroxide formation occurred to some degree in all experiments. Addition of imidazole or of catalase failed to prevent the effect.
Spectra of ferro IHP, were determined with solutions first de-aerated with helium and then maintained in a closed system under helium, using the type of apparatus employed in oxidation-reduction potentiometry. Little change in Soret spectrum was observed at values of pH above 7.5, but decrease in pH between pH 7.5 and pH 4 resulted in a marked diminution in absorbancy. Below pH 4, stable solutions of ferro IHP, could no longer be attained. It is known that ferroporphyrins are subject to loss of iron at values of pH where ferriporphyrins are stable,'6' 17 but whether this is the basis of the instability below pH 4 observed with ferro IHP, remains to be determined. This instability of ferro IHP, was found to be greatly diminished in hydrochloric acid solutions of low pH, sufficiently so that oxidationreduction titrations attempted at pH 1.0 and 1.6 gave acceptable results.
The characteristic "hemochromogen" bands at 551 mu and 522 mMu are still detectable in spectra of ferro IHP, determined at values of pH as low as 4. This is in marked contrast to the data obtained with ferro HP, or with the reduced forms of HP, preparations modified by acetylation or by treatment with trypsin. A 1 X 10-6 M solution of ferro HP, displays a typical "hemochromogen" spectrum at pH 8.5, but at pH 6 the spectrum between 500 mgu and 600 miu indicates that little or no "hemochromogen" remains. Margoliash, Frohwirt, and Wiener'8 have interpreted their data on ferro HP, as indicating the occurrence of species in which coordination positions 5 and 6 about the heme iron are both occupied by nitrogenous base groups belonging to the peptide moiety of the same molecule. If it may be assumed that, in 1 X 10-6 M solution, ferro HP, exists predominantly in the form of the monomer, then the data of the present study support this view. Examination of ferro HP, solutions varying in concentration from 3 X 10-7 M to 2 X 10-6 M revealed no shift in the Soret maximum such as that seen with solutions of ferri HP,. Possibly the suggested ability of ferro HP, to form "intramolecular hemochromogen"'8 serves to preclude the polymerization of ferro HP, over the range of concentrations investigated.
Oxidation-Reduction Potentiometry: IHP, was selected for a first study of oxidation-reduction potentials, and detailed measurements of the system ferri IHP,-ferro IHP, have been completed over the range of pH from 4 to 13. Throughout this range, reduction of ferri IHP, was fully reversible except for the initial destruction of porphyrin previously described.
Unlike the heme proteins that have been studied, but like other nitrogenous basemetalloporphyrin systems, solutions of IHP, are "electromotively active," and the use of mediators has not been necessary. Except at very low and very high states of reduction, equilibrium between electrodes and the ferri IHP,-ferro IHP, system was established rapidly. The time required for equilibration varied from seconds to minutes, depending upon the concentration of the solution and the degree of reduction. Concentrations ranged from 1 X 10-5 M to 4 X 10-5 M.
Sodium dithionite and the semiquinone of methyl viologen"9 were used as reducing agents, and potassium ferricyanide served as the titrating agent in oxidative titrations. The results of both oxidative and reductive titrations agree well with those predicted for a reversible 1-electron oxidation-reduction system in accordance with the relationship:
Em is the potential of the half reduced system. At pH 0, Em = E,.
To ascertain whether the variation of potentials observed over the range of pH 4 to 13 reflected fully reversible effects, a number of solutions were each titrated at several appropriate values of pH, and the Em values so determined were found to agree well with the results of other experiments and with the values subsequently calculated on the basis of equation (2) . With two exceptions, measurements were not extended below pH 4 since in this region of pH ferro IHP, is unstable. The two exceptions are experiments performed in hydrochloric acid solutions of pH 1.6 and 1.0, where ferro IHP, was sufficiently stable that acceptable data could be obtained. The results of the present series of measurements are summarized in Table 2 .
Not listed in Table 2 In the absence of adequate information about the variation of Em with pH outside the range of pH 4 to 13, equation (2) may be applied only to the range of pH which has been investigated. E, is the potential which the half-reduced system would have at pH 0, if AEm/ApH were constant at -0.120 volt per pH unit between pH 4 and pH 0. K'o0, K'02, and K'o3 are apparent equilibrium constants for oxidationlinked proton functions in ferri IHPp. KIR1, K'R2, K'R3, and K'R4 are apparent equilibrium constants for oxidation-linked proton functions in ferro IHPp. In Figure 4 the experimentally determined values of Em are plotted against pH and are compared with the curve described by equation (2) upon assignment of the following constants: E, = +0.439 volt; K'o0 = 2.7 X 10-7; K'02 = 3.4 X 10-11; K'03 = 8.0 X 10-12; K'R1= 2.5 X 10 6; K R2= 2.5X 10 6; K R3= 6.3 X10 8;KR4 = 1.6 X 10-10. Differences between observed and calculated values of Em are given in Table 2 . Discussion.-The potentials of the ferri IHPp-ferro IHP, system are compared in Figure 5 with the corresponding potentials which have been reported for beefheart cytochrome c21 and for horseradish peroxidase.12 As may be seen, the potentials of the peptide system differ greatly from those of cytochrome c, and resemble more nearly the values recorded for peroxidase. It is of interest that the heme peptide in the absence of added imidazole has been found by Pal6us, Ehrenberg, and Tuppy'4 to display, at pH 4.9, 20 times the peroxidatic activity of cytochrome c. The results of a single estimation performed near pH 7 indicate that at this pH the potential of the heme peptide in the absence of added imidazole differs little from that found for IHPp. Minakami, Titani, and Ishikura22 have reported a potential of -0.3 volt for the imidazole-free system at pH 7. This value is too negative, but the assignment of a potential very much more negative than that of cytochrome c is fully in agreement with the results of the present study.
The simplest formulation of the pH-dependence of the ferri IHPp-ferro IHPp potentials is that given in equation (2) . Oxidation-linked proton functions with pK' values of 6.6, 10.5, and 11.1 are assigned to ferri MHP,, and oxidation-linked proton functions with pK' values of 4.6, 5.6, 7.2, and 9.8 are assigned to ferro IHPp. heme peptide or protein. Identification of the groups involved in the ionization processes cannot be made on the basis of the observed pK' values alone, nor can reasoning by possible analogy to other systems be anything but precarious. We limit ourselves to the presentation of a working hypothesis which can serve as framework for present data and as a point of departure for future modifications. A schematic representation is given in Figure 6 .
According to this working hypothesis, the changes in AEm/ApH observed upon increase in pH above 6 reflect, with the exception of the final change at pH 11.1, the ionization of the single a-amino group and the single eamino group of the peptide, and the successive occupation by these groups of coordination position number 5 about the heme iron. At pH 11.1, the added imidazole in coordination position 6 loses its remaining proton. Below pH 6, the situation is somewhat more complex. The first change in AEm/,ApH observed upon decrease in pH below 6, that at pH 5.6, is ascribed to the addition of a proton to one of the propionate side chains of the porphyrin in ferro IHP,. The subsequent change in slope at pH 4.6 is viewed as a net effect arising from the partial cancellation of reactions involving both ferro-and ferri IHPp. In ferro IHPp, a proton adds to the remaining propionate side chain of the porphyrin, protons add to the added imidazole in coordination position 6 and to the imidazole group of the histidine residue in coordination position 5, and these two groups are replaced, under anaerobic conditions, by a water molecule in position 6 and by the y-carboxyl group of the peptide's glutamic acid residue in position 5. In ferri IHPp, a proton adds to a propionate side chain of the porphyrin, protons add to the added imidazole in coordination position 6 and to the imidazole group of the histidine residue in coordination position 5, and these two groups are replaced, under anaerobic conditions, by a water molecule in position 6 and by the y-carboxylate group of the peptide's glutamic acid residue in position 5. The nature of the relationship between Em and pH at values of pH below 4 is unknown, since the instability of ferro IHPp in this range of pH precludes oxidationreduction potentiometry. However, two titrations attempted in hydrochloric acid at pH values less than 2 gave acceptable results, and spectrophotometric observations indicate an enhanced stability of the reduced system under these conditions. No attempt has been made to determine the basis of this increase in stability, but the possibility exists that it may be associated with a coordination of HC1 (or a related entity) to the heme iron. It is evident from Figure 4 that continuation from pH 4 to pH 1 of a slope of 0.120 volt per pH unit, as indicated by the broken line, is not in conformity with the data obtained at pH 1.0 and 1.6. It would appear that between pH 4 and pH 2 there occurs a further net increase in AEm/ApH.
It may be noted that no provision is made in this outline for possible effects of buffer components. Such effects must be given serious consideration especially in relation to measurements conducted below pH 5, since in this range the carboxyl and carboxylate groups of the acetic acid-potassium acetate buffers employed might compete for the coordination positions available about the heme iron. Experimental evaluation of this possibility remains to be initiated, and in the absence of evidence to the contrary, we assume that, as a first approximation, effects of the buffer systems employed may be neglected.
The scheme presented appears consonant with the available spectrophotometric to pK'o 10.5, but any such change would involve at most only a slight alteration in molar absorbancy index. Little or no change in the Soret spectrum seems not unreasonable for a reaction pictured as involving the exchange of a-and e-amino groups in coordination position 5 about the heme iron. The linked function with next lower pK' in ferri IHPp, that at 6.6, has been ascribed to a process involving an interchange in position 5 of a-amino and histidine-imidazole groups. Again, no great alteration in spectrum need be expected, and all that is observed in the Soret region is a slight decrease in the molar absorbancy index of the 406 myt band as the pH is decreased.
In marked contrast are the changes seen below pH 6. As the pH of a solution of ferri IHPP is decreased through the range in which the processes underlying pK'o 4.6 are operative, the intensity of the Soret band passes through a minimum and the position of maximum absorption shifts from 406 mu to 396 mg. Further decrease in pH leads to higher intensities of absorption and to an additional shift to 394 mys in the wavelength of maximum absorption. It may be seen from Figure 6 that the reactions reflected in pK'o 4.6 are assumed to include the displacement, from their respective coordination positions, of the added imidazole in position 6 and of the imidazole group of histidine in position 5. This assumption is founded primarily on the following observations. First, solutions of ferri HPp, at dilutions at which the monomeric form is the predominant species, display a Soret band with a maximum at 398 m, at values of pH where an imidazole or amino group of the peptide may be considered to occupy coordination position 5, but a hydroxyl group does not occupy position 6 . If the pH of such solutions is made sufficiently acidic, then the Soret band moves from 398 mu to 396 myu and the intensity of the band is increased. Further decrease in pH leads, as in ferri IHPp, to additional enhancement of the molar absorbancy and a shift in maximum from 396 myu to 394 mju. More concentrated solutions of heme peptide modified by acetylation or by treatment with trypsin display similar behavior. The 398 mu band of such solutions moves to longer wavelengths only in regions of pH where a hydroxyl group may be expected to enter coordination position 6. Second, addition at appropriate pH of a nitrogenous base such as imidazole or ammonia to a solution with an absorption maximum at 398 myu leads to a shift of the maximum to 406 mu. A gentle stream of helium passed through a solution to which ammonia has been so added results in a shift in absorption maximum from 406 mu to 398 mu. Third, a predominant species with a Soret band at 398 myu is not observed in solutions of ferri IHPp.
The basis for the remaining assumptions indicated in Figure 6 in relation to pK'o 4.6 becomes more evident upon consideration of the changes in spectroscopic properties observed with solutions of ferro IHPp. As with ferri IHPp, the changes in spectrum observed with solutions of ferro IHPp at alkaline pH are very much smaller than those seen at lower pH. The interpretation adopted is analogous to that given for ferri IHP, and requires no further discussion. Decrease in pH below pH 7.5 leads to an increasingly marked diminution in absorbancy, both in the Soret region of the spectrum and in the region of the characteristic "hemochromogen" bands at 551 my4 and 522 m~t. An obvious possibility is to ascribe this change, associated with pK'R 5.6, to the addition of a proton to one of the imidazole residues occupying positions 5 and 6 about the heme iron. However, although the absorption in the Soret region of the spectrum continues to undergo great change as the pH is decreased to 4, changes in the bands at 551 m~uand 522 mAu do not keep pace and these bands are still readily seen at pH 4. In the absence of definitive information concerning the possibility that coordinating groups other than nitrogenous bases can lead to the type of spectrum observed at pH 4, the more conservative course is to assume that the added imidazole and the histidine-imidazole group are displaced from their coordination positions not sequentially, but concurrently at a more acid pH as reflected in pK'R 4.6. The function reflected in pK'R 5.6 must then be sought elsewhere, and the addition of a proton to one of the propionate side chains of the porphyrin suggests itself as one of the more likely alternatives. The remaining assignments made for pK'R 4.6 and pK'o 4.6 have their basis in: (a) the premise that the constant for the addition of a proton to a propionate side chain in ferri IHP, is not apt to differ by more than a pH unit from the corrresponding constant for ferro IHPp; (b) the fact that the potentiometric data indicate a net of one oxidation-linked proton function in ferro IHPp. The interpretations concerning events below pH 6 clearly represent a most vulnerable part of the present working hypothesis.
Ehrenberg and Theorell have shown'3 that if models are constructed in which the undecapeptide has the form of an a-helix, either the imidazole group of the histidine residue or the e-amino group of the lysine residue can occupy a coordination position about the heme iron, but only one of these groups can be so coordinated at any one time. Consideration of this fact, in conjunction with the results of studies of concentrated solutions of ferri HPp,l3 has led to the suggestion by these authors that in solutions of the heme peptide the peptide component does indeed exist in the form of an a-helix. Margoliash, Frohwirt, and Wiener,'8 on the other hand, believe that the peptide does not conform to an a-helix. They have shown that if models are constructed in which the peptide is given an extended configuration, the imidazole group of the histidine residue and the E-amino group of the lysine residue can at the same time be placed in opposite coordination positions about the heme iron, and they have interpreted their data for solutions of ferro HPp as indicating that intramolecular "hemochromogen" formation, forbidden by an a-helix, does in fact occur. It may be that the disagreement is, in part, more apparent than real. The experimental data underlying Ehrenberg Theorell which indicates that entry of nitrogenous base into both of the coordination positions available about the iron porphyrin requires deviation from the monomeric state. Our data for ferro HP,, on the other hand, can be construed to be in agreement with the view of Margoliash et al., although here the uncertainties appear greater. Irreversible effects have precluded quantitative dilution experiments with ferro HP, solutions of sufficiently low concentration, and it has not been possible with our present equipment to measure accurately the spectra between 500 mu and 600 mg displayed by solutions of ferro HP, at concentrations less than 10-6 Al. The Soret spectra observed with solutions of ferro HP, ranging from 3 X 10-7 M to 2 X 10-1 M suggest, however, that at these concentrations intramolecular "hemochromogen" formation may well compete favorably with intermolecular "hemochromogen" formation. It is clear in any event that should our present working hypothesis in its major aspects be substantiated by future data, then the conclusion would seem to follow that the configurational state of the peptide component in the systems studied is variable and not fixed.
The studies by Clark and his co-workers on metalloporphyrin-nitrogenous base systemS23' 24 have shown that the chemistry of heme systems of lower molecular weight is not necessarily a "simplified edition" of the corresponding chemistry of related heme proteins. The lower-weight systems and the proteins have their individual complexities. It is too early to say whether the data on the IHP, system have relevance to the recent suggestion by George and Lyster2' that in peroxidase and catalase there occur "crevice structures" in which both the fifth and the sixth coordination positions about the heme iron are occupied by groups of the protein, and that the conversion of peroxidase to paraperoxidase may involve a conformational change resulting in the substitution of one coordinating group for another. It is too early also to assess the present data in relation to cytochrome c.
Theorell and Akeson26 have advanced the suggestion that coordination positions 5 and 6 about the heme iron in cytochrome c are both occupied by imidazole groups. Margoliash et al."8 believe that the coordinating groups in cytochrome c are an imidazole group and an E-amino group. Whatever may ultimately prove actually to be the case, the present data may serve to re-emphasize the fact that the identification of the groups which coordinate to the heme iron in different heme proteins constitutes an essential step, but also only a first step, in efforts to interpret "the extraordinarily delicate adjustment of structure and function in these most versatile of proteins."'I Summary.-Studies are reported of the oxidation-linked proton functions of a heme undecapeptide obtained upon peptic hydrolysis of beef-heart cytochrome c. Oxidation-reduction potentials of the heme peptide in solutions containing imidazole were measured over the range of pH 4 to 13. The potentials observed differ greatly from the corresponding ones reported for cytochrome c, and resemble more nearly those found for horseradish peroxidase. The oxidation-reduction potential of the imidazole-heme peptide system (ferri-ferro) at pH 7 and 300 is -0.195 volt
The variation of potential with pH indicates oxidation-linked proton functions with the following pK' values: oxidized form, 6.6, 10.5, and 11.1; reduced form, 4.6, 5.6, 7.2, and 9.8. Conditions were determined under which various solutions of the heme peptide appear free of irreversible effects, and the variation with pH of the absorption spectra displayed under such conditions was examined for both the oxidized and the reduced forms of the heme peptide. The relationship between the spectrophotometric observations and the oxidation-reduction data has been considered, and has formed a basis for discussion of the processes reflected in the experimental results reported.
